Norovirus is a leading etiological agent of viral gastroenteritis. Because of relatively 22 mild disease symptoms and frequent asymptomatic infections, information on the 23 ecology of this virus is limited. Our objective was to examine the genetic diversity of 24 norovirus circulating in the human population by means of genotyping the virus in 25 municipal wastewater. We investigated norovirus genogroups I and II (GI and GII) in 26 municipal wastewater in Japan by pyrosequencing and quantitative PCR (qPCR) from 27
INTRODUCTION 45
Noroviruses (family Caliciviridae, genus Norovirus) are one of the leading causative 46 agents for acute gastroenteritis around the world. Noroviruses, which cause diarrhea and 47 vomiting, affect individuals of all ages and are transmitted primarily through fecal-oral, 48 aerosol-vomitus, or direct-contact routes (Glass et al., 2009) . Although the infection can 49 be fatal in vulnerable populations such as infants and the elderly, asymptomatic 50 infections are also common (Glass et al., 2009 ). Up to 200,000 deaths occur annually 51 among children under the age of five in developing countries (Patel et al., 2008) . Virological surveillance is commonly conducted for gastroenteritis cases to detect the 64 occurrence of norovirus. However, in this approach, noroviruses can only be identified 65 in patients who seek medical care; asymptomatic infections are not detected. Moreover, 66 enteric viral identification at medical facilities is not mandatory, even in developed 67
countries. Thus, the number of norovirus infections and the genotypes circulating in the 68
Amplification for pyrosequencing 166
Semi-nested PCR was performed using primers as follows. The primers for the first and 167 second PCR were COG1F/G1SKR and G1SKF/G1SKR for GI, and COG2F/G2SKR 168 and G2SKF/G2SKR for GII (Kageyama et al., 2003; Kojima et al., 2002) . For the first 169 PCR, the 50-µL reaction mixture contained 15 µL of cDNA, 25 µL of Q5 Hot Start 170
High-Fidelity 2× Master Mix (New England Biolabs, Ipswich, MA, USA), and 25 pmol 171 of both forward and reverse primers. For the second PCR, the 100-µL reaction mixture 172 contained 2 µL of the first PCR product, 50 µL of Q5 Hot Start High-Fidelity 2× Master 173
Mix (New England Biolabs), and 50 pmol of both forward and reverse primers. 174
Amplification by PCR for both the first and second PCR was performed using a Veriti 175 96-well Thermal Cycler (Thermo Fisher Scientific), with reactions initiated by 176 incubation for 30 s at 98 °C, followed by 25 cycles of 10 s at 98 °C, 30 s at 50 °C, and 177 30 s at 72 °C, with a final extension for 30 s at 72 °C. The semi-nested PCR product 178 sizes for GI and GII were approximately 330 bp and 340 bp, respectively. 179
The semi-nested PCR products were visualized using agarose gel electrophoresis, and 180 samples with a band at the expected position were purified and submitted for 181 pyrosequencing. Purification consisted of concentrating 90 µL of the nested-PCR 182 product to 30 µL using the QIAquick PCR Purification Kit (Qiagen) with QIAcube 183 (Qiagen). 184 185
Pyrosequencing 186
In order to perform pyrosequencing on the norovirus amplicons using the GS Junior 187 system (Roche Applied Science, Penzberg, Germany), unique adaptors were ligated to9 both the 5′ and 3′ ends of the amplicons by fusion PCR. The fusion primers consisted of 189 Although NGS provides large numbers of sequence reads, the sequence data contains 211 non-target sequences such as ambiguous reads with noise and chimeric sequences. 212
These artifacts are produced during nested-PCR and pyrosequencing, and could result in 213 overestimation of genetic diversity (Quince et al., 2011) . Therefore, the bioinformatic 214 analysis was performed as follows using QIIME 1.8.0 software (Caporaso et al., 2010) . 215
Quality filtering and primer sequence removal were performed using the software 216 package split_library.py with a minimum quality score parameter of 25. Sequences with 217 incorrect nucleotides produced in the nested-PCR and the pyrosequencing steps were 218 corrected using the denoiser.py package. Chimeric sequences (sequence formed by two 219 or more sequences) were removed using the Perseus software (Quince et al., 2011) after 220 removing reverse primers using the split_library.py package. Sequences were then 221 clustered into operational taxonomic units (OTUs) based on a minimum 97% similarity 222 in nucleotide sequence using the pick_otus.py package, and a representative sequence of 223 each OTU was selected using the pick_rep_set.py package. 224
Genotypes and variants of the representative sequences were identified using the 225 Norovirus Genotyping Tool Version 1.0 (Kroneman et al., 2011) . When not assigned to 226 any genotypes by the tool, sequences were subjected to homology search using 227
BLASTn, and the genotype or variant of top-hit sequences with the highest similarity 228 (exceeding a minimum of 97%) was assigned. If a given sequence could not be assigned 229 using either the Norovirus Genotyping Tool or BLASTN, that sequence was categorized 230 as "not assigned". 231
The diversity of the norovirus strains (OTUs) in each wastewater sample was evaluated 232 using a rarefaction curve generated by the Analytic Rarefaction 2.0 software 233 (http://strata.uga.edu/software/). 
weekly. 243
The samples were tested for norovirus using a real-time PCR assay. Each rectal swab 244 was moistened in 1 mL of phosphate-buffered saline, and ribonucleic acid extraction 245 was performed using the QIAamp Viral RNA Mini Kit (Qiagen) with QIAcube 246 (Qiagen). cDNA was synthesized using SuperScript III Reverse Transcriptase (Thermo 247 
Phylogenetic analysis 274
In order to compare GII.4 sequences obtained from wastewater samples to those 275 obtained from clinical samples, phylogenetic analysis was carried out. The sequences 276 were analyzed using ClustalW; bootstrapped phylogenetic trees were then constructed 277 by the maximum likelihood method with 1,000 bootstrap replications using MEGA5 278 software (Tamura et al., 2011) . The genetic distances were calculated using the Kimura 279 2-parameter method. 280 281
Nucleotide sequence accession numbers 282
Nucleotide sequence data from wastewater samples and clinical samples has been 283 deposited in the DDBJ/EMBL/GenBank databases under the accession numbers 284
RESULTS 288

Noroviruses in wastewater samples by qPCR 289
The concentrations of noroviruses GI and GII in wastewater samples, as determined by 
Noroviruses in wastewater samples by pyrosequencing 298
In our study, 17 samples were analyzed by pyrosequencing for GI and GII, and a total 299 of 999,097 reads (with means of 17,183 reads for GI and 41,587 reads for GII per 300 sample) were obtained. Pyrosequencing produces a high numbers of reads, but these 301 reads typically contain artifacts such as sequences with incorrect nucleotides and 302 chimeric sequences generated during nested-PCR and pyrosequencing. These artifacts 303 must be addressed through correction (denoising) or removal (chimera removal). On 304 average, chimera removal eliminated 0.7% of GI reads and 3.7% of GII reads. 305
Following denoising and chimera removal, the mean numbers of OTUs per sample was 306 5 for GI and 32 for GII. On the basis of the number of OTUs, GII exhibited a higher 307 diversity than GI in wastewater samples. All rarefaction curves except one reached or14 almost reached a plateau. The rarefaction curve generated from GI strains in the sample 309 collected on November 14, 2012 (the lowest concentration of GI in wastewater samples) 310 did not reach a plateau. This result indicates that the sequencing was nearly deep 311 enough to understand the diversity of norovirus. 312
The representative sequences of the OTUs were genotyped using the Norovirus Typing 313
Tool and BLASTn search. were not expected to be identical with the actual values in the wastewater samples. 318
Therefore, ratios exceeding 10% were denoted as high ratio. Fourteen genotypes in total 319 and up to eight genotypes per wastewater sample (collected on January 9, 2013) were 320 detected. No norovirus sequence was obtained on several dates (November 21, 28, and 321
December 12, 2012, for GI; November 21 and 28, 2012, for GII), although noroviruses 322 were detected by qPCR and nested-PCR products were observed at target length in 323 samples from these dates. The numbers of sequences obtained from the samples was 324 very low (less than 100 reads), and these sequences were removed during the quality 325 filtering and chimera removal steps following pyrosequencing. Thus the nested-PCR 326 products were inferred as non-specific products. 327
Norovirus GI was identified in 14 samples by pyrosequencing, including five genotypes 328 (GI.1, 3, 4, 6, and 7). GI.4 was the most frequently detected genotype in 53% (9/17) of 329 the samples and occurred at high ratios (>10%) in eight samples. GI.7 was detected in 330 47% (8/17) of the samples but occurred at high ratios only on December 28, 2012, and 331 15 at high ratios, whereas GI.1 was detected in 12% (2/17) of the samples but only 333 observed in 2012. GI.6 was detected in 12% (2/17) of the samples on
2012. GII.2 and GII.4 were the most frequently detected genotypes (11/17 samples, 340 65% for both genotypes), followed by GII.14 (10/17 samples, 59%). All of these 341 genotypes appeared at high ratios, except for GII.4 on January 9, 2013. Other genotypes 342
were less frequently detected, namely GII.5 (4/17, 24%), GII.7 (4/17, 24%), GII.17 343 (4/17, 24%), GII.6 (2/17, 12%), GII.12 (1/17, 6%), and GII.13 (1/17, 6%); these 344 genotypes appeared only in 2013. (Fig. 3) . Although the number of clinical samples was low, our 369 results suggest a shift occurred towards predominance by the GII.4 variant. 370 371
Comparison between wastewater samples and clinical samples 372
Fourteen genotypes were detected in wastewater samples, whereas only four genotypes 373 were detected in stool samples (Figs. 2-5 ). All genotypes detected from stool samples 374 (GI.6, GII.4, GII.5, and GII.14) also were detected in wastewater. Noroviruses GII.4 375 and GII.14 were detected in 65% and 59% of the wastewater samples, respectively. 376 Genotype GII.5, which was detected in one stool sample collected during the 8 th week 377 of 2013, also was detected in wastewater during an overlapping interval (the 7 th , 9 th , and 378 10 th weeks of 2013). In contrast, GII.2 was detected at high ratios throughout the study 379 period in 65% of wastewater samples but never in stool samples. Furthermore, GI.6 was 380 exclusively detected in four GI-positive stool samples, whereas GI.6 was detected in 381 only two wastewater samples (12%). The wastewater contained various genotypes that 382
were not observed in the virological surveillance of gastroenteritis cases. 383
The prevalence of GII.4 variants showed similar temporal trends between wastewater 384 (Fig. 2) and clinical samples (Fig. 3) 
DISCUSSION 401
In this study, we used pyrosequencing and qPCR to assess the genomic diversity of 402 noroviruses using virological monitoring of both wastewater and clinical samples, 
effort. 415
We additionally note that the use of NGS, as employed in the present work, could also 416 be used to evaluate wastewater treatment processing and water quality. A recent study 417 that were more than a 97% match with our sequences. These results suggest that the 466 GII.17 strain caused local outbreaks across East Asia during 2012. 467
Moreover, GI.6 was the only GI genotype detected in four of the stool samples. 468
Emergence of this genotype, which peaks during the summer, was reported in 2010 in 469 the United States (Leshem et al., 2013a) . Although GI.6 also was detected in two 470 wastewater samples, other GI genotypes (GI.3, 4) were detected more frequently, 471 perhaps because our study, which was conducted from November to March, did not 472 include summer months. 473
Even after pre-processing, many OTUs were produced, and up to eight genotypes were 474 detected in one wastewater sample, demonstrating a high genetic diversity of 475 noroviruses in wastewater. In contrast, only four genotypes were detected in the stool 476 21 samples. This discrepancy likely reflects the fact that only one outpatient clinic 477 participated in our surveillance efforts. Moreover, a previous report indicated that 90% 478 of patients with norovirus infections do not seek medical care (Hall et al., 2013) by co-infection (data not shown). To identify co-infection, we always examined the 498 chromatograms obtained by Sanger sequencing, and confirmed that there were no 499 samples with ambiguous nucleotides (e.g. peaks of multiple bases in the same position). 500
CONCLUSIONS 502
Our study showed that norovirus monitoring in municipal wastewater by 503 pyrosequencing could provide similar or better information regarding temporal and 504 genomic dynamics of norovirus than the virological surveillance of gastroenteritis cases. 505
We demonstrated that ten more genotypes were detected in wastewater samples as 506 GII.14 Norovirus negative
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